OBJECTIVE -We aim to correlate the incidence of diabetic retinopathy and maculopathy requiring laser treatment with the control of risk factors in the diabetic population of Tayside, Scotland, for the years 2001-2006.
CONCLUSIONS -Laser treatment for diabetic maculopathy in type 2 diabetic patients has decreased in Tayside over a six-year period, despite an increased prevalence of diabetes and increased screening effort. We propose that earlier identification of type 2 diabetes and improved risk factor control has reduced the incidence of maculopathy severe enough to require laser treatment.
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A number of recent studies have reported a lower incidence and prevalence of severe diabetic retinopathy and maculopathy (1) (2) (3) (4) (5) . Reduction in blindness in patients with diabetes has also been reported, but this observation is not universal (6 -8) . The use of blindness as an end point for studies of diabetic eye disease is often rendered imprecise by reliance on incomplete blindness registration data and by difficulty in attributing visual loss to diabetic retinal disease (9) . The majority of visual impairment in patients with diabetes is not due to diabetic retinopathy (10) , and accordingly the incidence of retinopathy requiring therapeutic intervention (laser) is a more accurate reflection of incident diabetic retinal disease provided population and treatment records are complete.
National Health Service (NHS) Tayside serves a predominantly Caucasian rural and urban population, which increased from 338,750 in 2001 to 391,639 in 2006 (11) . A retinal screening program has been in place since 1990, using digital photography since 2000 (12) . In 2003, Scotland introduced a national screening program (13) using annual singlefield digital photography with staged mydriasis, a standardized grading system (14) , trained screeners, and rigorous quality assurance (15). Tayside also benefits from an established national diabetes database (16 -18) . Laser treatments take place at a single site within the region and are recorded on a single database using the same unique patient identifier, allowing easy case linkage studies. Using these data sources, we describe trends in laser utilization, retinal screening, and the control of retinopathy risk factors in Tayside for the  years 2001-2006. RESEARCH DESIGN AND METHODS -We performed a historical cohort study of retinal laser in Tayside, Scotland. The data sources used in this study were databases of regional laser treatment, retinal screening ("Eyestore"), and the national diabetes register (Scottish Care Information-Diabetes Collaboration [SCI-DC]) for the complete calendar years 2001-2006. Retinal laser within Tayside is recorded on a custom-designed database, including treatment given and date. The primary end points for this study obtained from this dataset were first laser treatments for diabetic retinopathy or maculopathy and number of patients receiving any laser for diabetic retinopathy or maculopathy per annum.
The SCI-DC database uses hierarchical multiple data source captures to create a real-time national diabetes register. Independent data sources (e.g., community prescribing, regional biochemistry database) are integrated using customdesigned software (16) . The health board regions are clearly demarcated and therefore can be accurately constrained to the Tayside population (16, 18) . Population risk factors for laser extracted from
SCI-DC were A1C, duration of diabetes, and blood pressure. BMI, cholesterol, and method of diabetic treatment were also extracted.
Eyestore contains all information from digital retinal screening performed in Tayside including date of screening and grading outcome (12) . Data drawn from Eyestore were total number of screening events and number of events at which referable retinopathy or maculopathy were identified for each year. Referable retinopathy and maculopathy were as defined in the national screening framework (14) . For the purposes of this study, a screening event resulting in treatment was defined as one that occurred no more than 6 months before laser. This definition was used to state with reasonable confidence that screening had identified treatable pathology, not merely referable pathology. This assumption could not be made for laser occurring Ͼ6 months after screening, since this could well encompass new pathology arising during ophthalmic clinic follow-up.
The three databases were checked for internal validity (Modulus 11 algorithm, identification and exclusion of nonincident laser events), and external crossreferences between the databases were made. Where discrepancies were identified, arbitration was sought from biochemical and clinic attendance records. In addition to the data described above, unique patient identifiers were obtained and matched between the relevant databases, before anonymization of the data by a third party.
The opinion of the local medical research ethics committee was sought. They indicated that Caldicott Guardian approval alone was required. This was obtained, and the principles of data protection were adhered to throughout this study.
Statistical analysis
The administration of SCI-DC changed after the first 2 years of the study period. As a result, with the exception of disease duration, only means of variables were available for 2001 and 2002. Nevertheless, the large sample sizes meant that this was an acceptable representation of the group. To demonstrate trends in these variables, weighted linear regression was performed, using (N/SD 2 ) to calculate weight (SPSS, Chicago, IL). Since accurate measures of N and SD were not available for 2001 and 2002, the weights were estimated allowing for low patient numbers and high SDs. The robustness of this technique was tested and validated through comparison with the full dataset for duration of disease. Statistical analysis was performed under the supervision of the statistician for NHS Tayside. to ophthalmology, only 184 (9.8%) proceeded to laser intervention within the following 6 months (Fig. 1 Fig. 2A) with no statistically significant trend over the 6-year period as a whole.
RESULTS
The type 1 diabetic population grew from 1,158 to 1,547 (34% increase, (Fig. 2B) . Type 1 diabetic patients undergoing panretinal treatment fell from 44 in 2001 to 29 in 2006. This was a significant reduction when viewed as a percentage of the type 1 diabetic population (P Ͻ 0.01, Table 3 ).
In type 1 diabetic patients, an increase in systolic blood pressure was observed during the study period (P Ͻ 0.01), whereas for type 2 diabetic patients, mean systolic blood pressure fell by 5 mmHg (P Ͻ 0.01) and diastolic blood pressure fell by 4 mmHg (P Ͻ 0.01). Mean A1C fell from 9.1% to 8.8% in type 1 diabetic patients (P Ͻ 0.01) and from 7.9% to 7.4% in type 2 diabetic patients (P Ͻ 0.01). Mean duration of diabetes decreased from 7.7 to 7.4 years in type 2 diabetic patients (P Ͻ 0.01). Mean BMI rose for both type 1 and type 2 diabetic populations and mean cholesterol decreased in both groups (Tables 2 and 3) .
The percentage of type 2 diabetic patients whose only treatment was dietary advice increased from 26% in 2001 to 29% in 2006 (P ϭ 0.01). There was no significant change in the proportion of type 2 diabetic patients using insulin CONCLUSIONS -In the Tayside population, the absolute number of patients with type 2 diabetes requiring laser treatment for maculopathy fell by 43% between 2001 and 2006. When taken as a proportion of all patients with type 2 diabetes, this represented a threefold decrease in those requiring treatment. The number of type 2 diabetic patients requiring panretinal photocoagulation and the number of type 1 diabetic patients requiring either macular or panretinal laser decreased, but not enough to achieve statistical significance. Over the same period, the prevalence of diabetes and diabetic retinopathy screening effort have both increased. Why was there no concomitant increase in individuals with retinopathy or maculopathy severe enough to require laser treatment?
One potential explanation would be a change in the criteria for laser treatment. During the period of the study, there have been no changes in national or local guidelines for the use of laser in diabetic eye disease and no local changes in personnel or practice (19, 20) . No patients received intravitreal treatment over this period, and indications for surgical practice were unaltered. We failed to identify any patients with disease severity (e.g., persistent vitreous hemorrhage, tractional retinal detachment) sufficient to require immediate surgery without first attempting argon laser treatment. However, it is difficult to exclude an unannounced change in practice in the application of macular photocoagulation in patients with "good" visual acuity. Populations in which screening has been established report a lower incidence and 
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DIABETES CARE, VOLUME 31, NUMBER 6, JUNE 2008 prevalence of diabetic visual loss (3, 21) , but it is difficult to separate the beneficial effect of screening from the effect of better general diabetic disease management, since the two factors frequently coexist. After 2003, digital retinal photography became almost the sole means of screening in Tayside for patients with diabetes. There was a small prevalence screen effect with laser activity peaking in 2004 before falling over the final 2 years of the study. This effect was particularly marked for type 1 maculopathy and it is possible that decreases in 2005 and 2006 could be a result of earlier identification of pathology under the new annual screening system. In contrast, in the type 2 diabetic population, only a small peak in incident maculopathy treatment was seen in 2004, and comprehensive digital retinal photography screening had little impact on the overall trend of decreasing laser treatment. This may be due to relatively adequate screening in Tayside before comprehensive digital photography. In areas where historically there have been fewer resources, the impact of the national screening program has been greater, with a more sizeable initial surge of patients with previously unrecognized sight-threatening retinopathy requiring laser treatment (22, 23) .
A reduction in the mean disease duration and the proportion of type 2 diabetic patients treated with insulin and/or oral hypoglycemic agents suggests that patients are being diagnosed with diabetes earlier, reducing the period of subclinical dysglycemia. This will increase the prevalence of individuals with clinical type 2 diabetes and might be predicted to translate into a drop in the proportion of patients requiring laser treatment. However, we observed a reduction in the absolute numbers of type 2 diabetic patients requiring treatment for maculopathy and not simply a drop in the proportion, indicating this is an inadequate sole explanation for the trends observed.
Another consequence of earlier identification of type 2 diabetic patients is the possibility that patients are receiving treatment early enough in the disease process to avoid the development of sightthreatening maculopathy. Mean diastolic blood pressure in our type 2 diabetic population decreased by 4 mmHg over 6 years to a final mean population blood pressure of 137/75 mmHg. The U.K. Prospective Diabetes Study Group (24) compared tight control of blood pressure (mean 144/82 mmHg) with less tight control (mean 154/87 mmHg) in type 2 diabetic patients and showed a 34% risk reduction for progression of retinopathy by two or more steps over 7.5 years. Furthermore, there was a 47% risk reduction for loss of three or more lines of Early Treatment of Diabetic Retinopathy Study visual acuity and a 35% reduction in individuals undergoing laser treatment over this period. Since diabetic maculopathy is the main cause of visual impairment in type 2 diabetes, this reduction in visual loss suggests tight blood pressure control reduces the risk of maculopathy. In our study, the mean diastolic blood pressure achieved for the entire population is 7 mmHg lower than the U.K. Prospective Diabetes Study tight control group.
A statistically significant fall in A1C was also observed. The 2006 population mean of 7.4% is comparable with the tight control group of newly diagnosed type 2 Data are n, %, or mean. *P Ͻ 0.01 over the study period.
diabetic patients reported in the U.K. Prospective Diabetes Study 33 (25) . This group had a 29% lower risk of retinal photocoagulation over 10 years from diagnosis when compared with individuals receiving "conventional" treatment (mean A1C 7.9%). Mean total cholesterol also decreased significantly over the study period, and although plasma lipids have not been conclusively proven to influence the course of diabetic retinopathy or maculopathy, the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study demonstrated a reduction in laser treatment in those treated with fenofibrate (26).
In conclusion, the incidence of maculopathy requiring laser treatment in type 2 diabetic patients in Tayside has decreased over the last 6 years despite increased prevalence of type 2 diabetes and increased screening effort. The national screening program contributed a greater number of patients receiving first laser, but did not alter the overall trend to less laser treatment for this group. We suggest that earlier diagnosis and improved management of the risk factors for diabetic maculopathy is reducing the incidence of maculopathy severe enough to require laser treatment in type 2 diabetes.
